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Project Introduction

When radiation is incident upon a material, it can knock atoms within the
lattice out of their proper positions. However, this damage can often be
overcome because when lattice atoms have energy, the dislocated (interstitial)
atoms can go back to their original positions or fill other vacancies left by
other dislocated atoms. This process of annealing allows most damages to be
repaired. Damages that are not annealed can affect the structural stability of a
material, the electrical properties of a material and the optical properties of a
material. Furthermore, annealing is less effective at lower temperatures than
at higher temperatures because the temperature of a solid is a measurement
of the kinetic energy in the lattice atoms. This means that radiation at lower
temperatures could cause greater damage in a specific material, since less of
the damage would anneal. This proposal details the methods for researching
this phenomenon in silicon carbide and silica optical fiber. These two materials
are of particular importance because semi-conductor material like silicon
carbide is prevalent in many current and future electronic designs and silica
optical fibers can be used for fast and efficient electronics and communication.
Because NASA operates advanced electronics and communication systems in
the extremely cold conditions of space, these materials are of particular
importance. Space hardware is subjected to heightened levels of space
background radiation. But more importantly, some deep space probes like
Viking I use nuclear fuel, and future space propulsion systems involve the use
of a nuclear reactor. By subjecting the space electronics and communications
systems to these high levels of radioactivity at low temperatures, it is evident
that is hypothesized that a heightened level of radiation damage will occur. If
enough damage occurs, it could component failure and possible mission
failure. This research project addresses a number of NASA's Grand Challenges
would be applicable to the goals of multiple research divisions within NASA.
For example, the NASA Glenn Research Center's Electron and Opto-Electronic
Devices Branch would be able to use the specific research outlined in this
proposal when designing next generation spacecraft electronics. I plan to
investigate the radiation damage in semi-conductor material, silicon carbide
and in silica fiber optics cables at very low temperatures. This research would
be the basic work behind a Masters Thesis in nuclear engineering, which would
provide me with nuclear engineering research experience with implications to
many related fields. The research proposal will outline work that is aligned
with my educational goals as well as NASA's research goals. In this research
project, (1) SiC and silica optical fiber will be irradiated at the Ohio State
University Research Reactor at varying fluences of neutron and gamma-ray
irradiation and the irradiation damage will be characterized at low
temperatures and while the temperature rises to room temperature, 2) the
neutron irradiation will be modeled in order to determine a theoretical model
for neutron damage, (3) the results of the experiment will be compared with
the model.
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Anticipated Benefits

This project investigates radiation damage in silicon carbide and silica optical
fiber. These two materials are of particular importance because semi-
conductor material like silicon carbide is prevalent in many current and future
electronic designs and silica optical fibers can be used for fast and efficient
electronics and communication. Because NASA operates advanced electronics
and communication systems in the extremely cold conditions of space, these
materials are of particular importance. Space hardware is subjected to
heightened levels of space background radiation. But more importantly, some
deep space probes like Viking I use nuclear fuel, and future space propulsion
systems involve the use of a nuclear reactor. By subjecting the space
electronics and communications systems to these high levels of radioactivity at
low temperatures, it is evident that is hypothesized that a heightened level of
radiation damage will occur. If enough damage occurs, it could component
failure and possible mission failure. This research project addresses a humber
of NASA's Grand Challenges would be applicable to the goals of multiple
research divisions within NASA. For example, the NASA Glenn Research
Center's Electron and Opto-Electronic Devices Branch would be able to use the
specific research when designing next generation spacecraft electronics.

Primary U.S. Work Locations and Key Partners

Primary U.S. Work Locations

Ohio
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Organizational
Responsibility

Responsible Mission
Directorate:

Space Technology Mission
Directorate (STMD)
Responsible Program:

Space Technology Research
Grants

Project Management

Program Director:
Claudia M Meyer
Program Manager:
Hung D Nguyen
Principal Investigator:

Thomas Blue

Co-Investigator:
Benjamin T Reinke

Technology Maturity
(TRL)

Start: 2
Current: 3
Estimated End: 3

1 ARl 4 5 6 7 8 9

Applied

R at—. Development Demo & Test

Page 2


https://techport.nasa.gov/view/4223

Space Technology Research Grants

Characterization and Modeling of Neutron and Gamma-Ray

Radiation Damage in Silicon Carbide Semi-Conductor Materials and

Silica O[:r)tical Fibers at Cryogenic Temperature
Completed Technology Project (2011 - 2015)

Technology Areas
Primary:

e TX12 Materials, Structures,
Mechanical Systems, and
Manufacturing
- TX12.3 Mechanical

Systems

- TX12.3.4 Reliability,
Life Assessment, and
Health Monitoring
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Project Website:

https://www.nasa.gov/directorates/spacetech/home/index.html
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